Background Tumor enlargement after chemotherapy is considered one of the high-risk factors for local recurrence and survival in osteosarcoma. We hypothesized patients with this risk factor will have similar survival regardless of the development of local recurrence. Questions/purposes We asked (1) the prognostic factors for survival in our cohort, (2) how much effect local recurrence has on survival among patients with similar preoperative risk factors, and (3) what prognostic factors are important for survival in these selected patients. Methods We analyzed the prognostic factors for survival in 449 patients with extremity osteosarcoma without metastatic disease at initial diagnosis and treatment (38 with local recurrence, 411 without local recurrence).
Introduction
A paradigm in the treatment of osteosarcoma accepts a negative relation between local recurrence (LR) and survival for patients with a primary extremity osteosarcoma. That is, LR predicts poor survival [2, 6, 9, 19, 25] . However, this paradigm may be biased as it is based on results of treatment during the adjuvant chemotherapy era when more than half the patients underwent amputation as compared with current practice in which limb salvage is the norm. There are reports that challenge this concept. For example, Simon et al. [23] reported equivalent survival between patients with amputation and those with limb salvage despite the higher LR rate for patients who have limb salvage.
Currently, in the neoadjuvant era when most patients are treated with limb salvage, another risk factor for LR other than surgical margin is histologic response to chemotherapy [5, 9] . However, at the time of tumor resection, the only controllable factor for LR is surgical margin. For patients with intralesional margins, regardless of the degree of chemotherapeutic response achieved, a secondary operation to prevent LR would be a reasonable approach. On the contrary, for patients with a poor chemotherapeutic response and a risky margin, it is unclear if additional resection including amputation leads to better survival. Moreover, some believe that LR is an expression rather than a factor causing a poor prognosis for patients with tumors with an aggressive biologic behavior [5] .
Tumor volume change after preoperative chemotherapy has received little attention as a viable prognostic factor because usually there is not a marked volumetric response. Additionally, although increase in tumor volume is well correlated with a poor histologic response, reduced or stable tumor size cannot guarantee a good response [11, 22] . Therefore, this factor is regarded as one of the parameters that may predict histologic response to preoperative chemotherapy. However, in previous studies, tumor volume increase after preoperative chemotherapy predicted LR and it was independently associated with shortened survival for patients with nonmetastatic osteosarcoma [15, 24] . In view of this, we now consider patients with an increase in tumor size after chemotherapy a high-risk group for LR and poor survival. We hope to further clarify the risk in this high-risk group with respect to LR. We suspect that LR is not a true indicator of risk and that patients with LR would have similar survival regardless of the development of LR. In other words, LR is an expression of tumor aggressiveness and not a prognostic factor for survival in this group.
In this study our primary aim was to determine what prognostic factors were most important for survival of patients with localized extremity osteosarcomas. The second aim was to evaluate whether there is any difference in survival between patients with LR (cases) and those without LR (controls) with similar characteristics before surgery (mainly tumor volume change after chemotherapy). The third aim was to determine the prognostic factors for survival in the high-risk groups.
Patients and Methods
To accomplish the aims of this study we performed two analyses. In the first analysis (cohort study), we analyzed prognostic factors for survival. The cohort study included 449 patients (38 patients with LR and 411 patients without LR). The following exclusion criteria were used to extract patients for cohort study. From March 1990 to March 2009, the computerized archives at our institute showed that we treated 779 patients with 779 localized extremity osteosarcomas without LR which were classified as Stage IIB. Of these, 368 patients were excluded because (1) the histologic response to preoperative chemotherapy was not available (84 patients); (2) our treatment protocol was not completed (82 patients); (3) an intralesional procedure was performed (54 patients); (4) followup was less than 36 months (52 patients); (5) the histologic evaluation suggested a low-grade or atypical osteosarcoma (50 patients); (6) an axial location (33 patients); (7) data for preoperative volume change were unavailable (10 patients); and (8) death was not related to the disease (three patients). This left a cohort of 411 patients for retrospective review. During the same period, 98 patients with osteosarcomas with LR were registered. Sixty patients were excluded because: (1) they had Stage III disease at presentation (19 patients); (2) they had a history of an inappropriate procedure, including open reduction and internal fixation at a referral hospital (16 patients); (3) the tumor was in an axial location (13 patients); (4) they underwent primary tumor excision at other institute (six patients); (5) they received no neoadjuvant chemotherapy owing to initial misdiagnosis (three patients); (6) the tumors were surface osteosarcomas (two patients); and (7) they presented with a delayed diagnosis and a pathologic fracture (one patient). This left 38 patients with localized extremity osteosarcomas and LR.
In the second analysis (the case-control study), we selected 76 of these 411 patients as the control group. We compared survival between case (38 patients with LR) and control (76 patients without LR) groups and determined the prognostic factors for survival in the case-controlled groups. Because LR develops with time and is a combined result of histologic response and surgical margin, we presumed the time before definitive resection would be the optimal point when both groups could be assessed in a similar condition. Control group patients were matched with patients in the case group in terms of age, tumor size at presentation, tumor location, and tumor volume change after chemotherapy. All patients in the control group received the same chemotherapeutic protocol initially as the patients in the case group.
All patients underwent staging studies, preoperative chemotherapy, surgery, and postoperative chemotherapy, and were followed as described previously [13] . The independent factors assessed were age, sex, location of primary tumor, plain radiographic pattern, pathologic subtype, pathologic fracture, tumor volume at presentation, tumor volume change before and after chemotherapy, type of operation, surgical margin, and histologic response to preoperative chemotherapy. Additionally, we noted dependent factors such as local and distant disease-free interval and time to death. Surgical margins were assessed using the method of Enneking et al. [7] . Bone and soft tissue margins were determined using pathologic specimens, whereas neurovascular margins were determined by preoperative MRI. An adequate margin was defined as a tumor-free margin greater than 2 cm for bone, the existence of a normal soft tissue cuff enveloping the tumor for soft tissue, and an intact fat plane between the tumor and neurovascular bundle observed on MRI for the neurovascular margin. Any margin status other than adequate was considered an inadequate margin. The final surgical margin was defined as adequate or inadequate based on the weakest margin achieved. The histologic responses of tumors to neoadjuvant chemotherapy were graded using tumor necrosis percentages as Grades III and IV (C 90% necrosis), indicating a good response, and Grades I and II (\ 90% necrosis), indicating a poor response [7, 20] . Tumor volumes were calculated using MR images, as described by Gobel et al. [8] , using the formula: tumor volume = 0.53 9 tumor length 9 tumor width 9 tumor depth. Tumor volume before and after chemotherapy were calculated from MR images rather than using the special built-in software package installed in the MRI scanner (MathWorks Inc, Natick, MA, USA). We used enhanced T1-weighted and T2-weighted sequences to define the tumor boundary [14] . Tumor volume changes attributable to chemotherapy are expressed as tumor volume ratios, defined as tumor volume after chemotherapy divided by tumor volume before chemotherapy. Patients were assigned to three groups based on tumor volume ratios. Specifically, tumor volume ratios less than 0.95 were classified as decreased, between 0.95 and 1.05 were stable, and greater than 1.05 were increased [11] . After completion of chemotherapy, patients were followed for 2 years with monthly radiographs of the chest and the surgically treated limb. CT of the chest and a whole-body bone scan were performed every 3 months for 2 years. Thereafter, the same protocol was repeated twice yearly up to the fifth year and annually up to the tenth year after surgery.
The initial clinicopathologic characteristics of the 38 patients in the case group and 76 patients in the control group were recorded (Table 1) , and, as expected, they were well matched for age, initial tumor volume, tumor volume change ratio, and location. The mean tumor volume change ratio for patients in the case and control groups were 1.69 (range, 0.68-4.12) and 1.62 (range, 0.66-4.33), respectively. Although factors such as a plain radiographic pattern, pathologic subtype, and presence of a pathologic fracture, were not used for matching, no differences were observed between the two groups.
For survival analysis, the primary end points used were time to metastasis and time to death; metastasis-free Fisher's exact chi square test and the Student's t-test were used to identify differences between patients in the case and control groups in terms of clinical characteristics. The Kaplan-Meier method and the log-rank test were used to identify survival differences. Multivariate analysis by Cox proportional hazard model was performed with all factors that showed statistical significance in univariate analysis. Analyses were performed using SPSS 1 Version 13.0 (SPSS Inc, Chicago, IL, USA), and p values less than 0.05 were considered significant. We hypothesized that 60% or more of the patients in the control group would survive, as compared with 30% or fewer of the patients in the case group, which yielded an odds ratio of 2.0 for the patients in the case group. Based on these assumptions, the cohort study had a statistical power of 93.3% to detect a significant effect among 38 patients in the case group and 411 patients in the control group. The calculated statistical power for the case-control study was 83.8% to detect a significant effect among 38 patients in the case group and 76 in the control group.
Results
In the cohort study, univariate survival analysis on the 449 study patients revealed that initial tumor volume (p = 0.003), tumor volume ratio (p \ 0.001), humeral location (p = 0.004), inadequate surgical margin (p \ 0.001), poor histologic response (p \ 0.001), and local recurrence (p \ 0.001) were negatively related to overall survival. Multivariate analysis revealed that initial tumor volume (p = 0.002), tumor volume ratio (p \ 0.001), inadequate surgical margin (p = 0.001), and local recurrence (p = 0.001) independently predicted reduced overall survival ( Table 2 ).
In the case-control study, there was no difference in overall (p = 0.131) or metastasis-free survival (p = 0.511) between the two groups. Ten-year overall survival rates in the case and control groups were 26.3% ± 16.3% and 39.8% ± 12.6% respectively, and metastasis-free survival rates were 13.1% ± 10.7% and 19.3% ± 9% respectively ( Fig. 1) . Regarding treatment-related factors, no patient in the case group underwent amputation, whereas five (6.6%) in the control group with neurovascular invasion observed on MR images after chemotherapy underwent amputation (p = 0.167). No differences were observed between the two groups in terms of surgical margin (p = 0.116) and the proportion of good responders to preoperative chemotherapy (p = 0.263). At final followup, 13 (34.2%) of the 38 patients in the case group were alive with disease (five patients) or without evidence of disease (eight patients); the remaining 25 died of disease. Thirty-five (46%) of the 76 patients in the control group were alive with disease (five patients) or without evidence of disease (15 patients) or were continuously disease-free (15 patients); the remaining 41 died of disease.
For the 114 patients in the case-control study, a large initial tumor volume (p = 0.010), increased tumor volume ratio (p \ 0.001), marginal or intralesional margin (p = 0.033), and poor histologic response (p = 0.002) were negatively related to metastasis-free survival on univariate analysis. However, multivariate analysis showed an increased tumor volume ratio (p \ 0.001) and large initial tumor volume (p = 0.005) were independently related to metastasis-free survival ( Table 3 ).
Discussion
Concerns that the increased use of limb salvage might adversely affect survival have been assuaged [21, 23] , but given the poor outcome of patients with LR, surgical oncologists treating patients with tumor enlargement observed on MR images after chemotherapy may have two questions: (1) Can attempts at limb salvage with an unlikely clear surgical margin be justified; and (2) for patients in whom local recurrence actually develops after limb salvage, could the survival rate be improved if the patients had an amputation, and if so, by how much. Although the tumor necrosis rate can be determined only in resected specimens, tumor enlargement after chemotherapy is well correlated with a poor histologic response. Moreover, it predicts LR and less likely survival. Therefore, we questioned the assumption that extending the surgical margin, especially in patients with tumor enlargement after chemotherapy, will minimize LR and thus, will improve survival. In a cohort study, as expected, we reconfirmed the importance of LR on survival. However, in our case-control study no survival difference regardless of the presence or absence of LR was found and LR was not a prognostic factor for survival in this high-risk group.
Ideally, case-control studies should be prospective, but the current topic does not lend itself to prospective study. Furthermore, although we extracted the control group from a relatively large cohort, there is a possibility of selection bias. However, we managed to select twofold matching control cases that meet all four variables simultaneously. Fig. 1 Kaplan-Meier estimated survivorship curves show no differences (p = 0.511) between patients in the case (n = 38) and control (n = 76) groups for 10-year metastasis-free survival rates.
Additionally, tumor volumes were calculated from the dimensions measured on the MR images by simplified mathematical formulas rather than by using the built-in software package installed in the MRI scanner. Therefore there is a possibility of underestimation or overestimation. However, Shin et al. [22] reported that tumor volume measured by MRI using the ellipsoid mass formula closely correlated with the volume calculated by the built-in software package in the MRI scanner. Finally, although our pathologist examined the surgical specimens, the adequacy of neurovascular surgical margin was determined by MRI which constitutes a study limitation. LR in osteosarcoma, despite a low reported rate (5%-10%), is a dreadful situation for the patient and the physician [5, 12, 16] . The unique feature of LR is that, theoretically, it is a controllable factor; that is, it can be prevented by extending the surgical margin, and thus, LR generally is regarded as a surgical margin failure. However, although the rate is much lower, LR also occurs in patients with adequate surgical margins, including patients who have had amputations 5-year local recurrence rate. [1, 4, 19] . This phenomenon generally is regarded as a result of poor histologic response to chemotherapy (another factor related to LR) or an error in preoperative radiographic evaluation to decide the surgical margin [17, 18] . Regarding the prognostic impact of LR on survival, as in previous studies [4, 5] , our cohort study clearly shows LR is a factor independently correlating with reduced overall survival. However, in the case-control study, that powerful prognostic factor lost significance even in univariate analysis. Adverse prognostic factors in a case-control group of 114 patients were large initial tumor volume and tumor volume increase during chemotherapy. Grimer et al. [10] , in their subgroup analysis of patients who responded poorly to chemotherapy, compared 24 patients with limb salvage with marginal margins with 40 patients who had undergone amputations. Despite LR developing in nine of the 24 patients with limb salvage compared with none of the 48 who had undergone amputation, neither group of patients did well and there was no difference in survival. These findings parallel our results; that is, poor responders to chemotherapy do poorly regardless of the development of LR. Nevertheless, in our study, patients in the case group showed a tendency toward worse overall survival than patients in the control group, which suggests patients in the case group might belong in a group with the worst prognosis, even among high-risk patients.
According to the timing of metastasis, patients with LR were categorized into three groups; (1) LR alone, (2) LR followed by metastasis, and (3) metastasis before or synchronous with LR. In two previous studies [5, 9] a majority (79.1%-94.2%) of patients fell into the latter two categories, and those in Category 1 constituted only 5.8% to 20.9% and had the best survival (Table 4 ). This high survival for patients with LR alone may have been attributable to the prevention of systemic relapse by LR excision. In our series, five patients had LR only (Category 1). Three of them underwent joint-sparing resections; in retrospect, the leading cause of LR in these patients could be surgical margin failure. LR in Category 3 (metastasis before or synchronous with LR) would be a consequence of systemic relapse, and thus, LR would have a limited or negligible role in prognosis. However, the role of LR in Category 2 (LR followed by metastasis) is unclear, as it could play a role in triggering metastasis or simply be a marker of imminent systemic relapse. In our study, five of 11 patients in the case group in Category 2 had inadequate margins and poor histologic response whereas the remaining six patients had wide margins and an equal number of good and poor responses. Owing to the confounding effect of surgical margin and histologic response, we cannot draw any causation between preceding LR and metastasis.
Although local recurrence is a powerful negative prognostic factor on survival, in high-risk patients with an increase in tumor volume after chemotherapy, local recurrence has a small impact on survival.
